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associated diarrhea) 15@189929 (sporadic
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fa 3089z 68.2 MUME type F 59882 31.6 type G



< P2 L a
aﬂ’]uﬂ'ﬁmﬂ'\iﬂutﬂauL‘D'E]QaUﬂiﬂqUHTGHu1W5LLa$ﬂW LLN‘L!T,‘UT]W?I aﬁﬂizt'ﬂﬂlﬂﬂ

dson “lJQLﬁENEa WaTAE

Sa8az 0.2 WU binary enterotoxin (BEC/CPILE)
1 678819 wae beta2 toxin 6 MBEN"

o & P=3 e @ s o

T UMTANYIHINTngUsEaeALNadI 99
aoumsniamuwaumsyuilauyaazaadunid
lundadomienanulwsuazenuaulunowsslszmd
lagas1tenzimusinauazyliovasgdunid
Yudau Usznaumeinnueesaunignaduydule
Taglda1n1@ (total aerobic microbial count)
NUIUTINYBIEFAUAZT (total combined yeasts
and moulds count) WUANLIBLASNAUNNUUIG
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Gjamwwm%aqmwgﬁ 22.5+2.5 aNEAPY
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asfnizaiiea (SHEL LAB, USA) gaumwzide
wuulSernme gqauunfl 32.5+2.5 avenalded
(Hirayama, Japan) @'ﬂ'ﬁmmmﬁa (ESCO,
Singapore) tAaaaiaemsthnszualnih (Mettler-
Toledo, Germany) wiasiaanuiunsa-e
(Sartorius, Germany) 1A3a9ilemansEe
(Hirayama, Japan) uaztesasaliihenuazisan
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o THP 2020 UsznaumedauuaiiGeiaiy
Togldaaniau (aerobic bacteria): Pseudomonas
aeruginosa DMST 15501, Bacillus subtilis
DMST 15896, E. coli DMST 15537, S. aureus
DMST 8013 waz Salmonella Abony DMST
21863 wuaiidenwsnlaglildoandiau (anaerobic
bacteria): C. sporogenes DMST 15536 &d6i
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(yeasts): Candida albicans DMST 5815 Lags)
(moulds): Aspergillus niger DMST 15538
msmmm%ﬁﬂﬁuﬁ:’wm@ya Clostridium spp.
Usgnauaia C. perfringens ATCC 13124,
C. sporogenes ATCC 11437, C. sordellii ATCC
9714 Wae C. bifermentans LMG 3029
msmawwmsﬁwau%&a C. perfringens
Usznauas C. perfringens type A ATCC 13124,
C. perfringens type B NCTC 4964, C. perfringens
type C NCTC 10719, C. perfringens type D NCTC
8346, C. perfringens type E NCTC 8084 wac
C. perfringens type A with enterotoxin DMST

51427

2Imstasadauazasiadl oy THP 2020

MSLaENEe: trypticase soy agar (TSA),
sabouraud dextrose agar (SDA), trypticase
soy broth (TSB), baird-parker agar (BPA),
rappaport—vassiliadis broth (RVS), brilliant
green agar (BGA), xylose-lysine desoxycholate
agar (XLD), bismuth sulfite agar (BSA),
crystal violet-neutral red-bile-dextrose agar
(VRBD), macconkey broth (MCB), macconkey
agar (MCA), levine eosin-methylene blue agar
(EMB), reinforced clostridia medium (RCM),
cooked-meat medium (CMM), MR-VP broth,
tryptone broth, Koser’s citrate, nutrient agar
(NA), peptone, egg yolk tellurite (Difco,
France), enterobacteria enrichment medium
(EEM), columbia agar (CBA), tetrathionate
medium (TTM) (Merck, Germany ), soy lecithin
(Lecico, Germany), coagulase plasma rabbit
with EDTA (BD BBLTM, France)

#151A8 analytical grade: 30% hydrogen
peroxide, hydrochloric acid, glacial acetic acid,
sulfuric acid, potassium hydroxide, alpha napthol,

Kovac’s indole reagent (Merck, Germany),

. Nsasnsinenanaasnisuwng
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sodium hydroxide, potassium dihydrogen
phosphate dehydrate, sodium chloride (Carlo
Erba, Italy), gentamicin sulfate, chloramphenicol
(Sigma Aldrich, USA), disodium hydrogen-
phosphate heptahydrate, methyl red (PanReac,
Spain), polysorbate 80 (Acros Organics, Belgium),
liquid paraffin (LabChem, USA) gram stain set
(CLINAG, Thailand)
d150zanadI NS UADNAIE1N (diluent):
buffered sodium chloride-peptone solution with
0.5% lecithin, 5% polysorbate 80 (BSP-LP)
1M LAB e IR NN AUNSd
(enrichment broth):trypticase soy broth
with 0.5% lecithin, 5% polysorbate 80 (TSB-LP)
wae reinforce clostridial medium with 0.5%

lecithin, 5% polysorbate 80 (RCM-LP)

NINAFAUAMNHINSANYBITIATIZN

Frateaniauantifdudimsaiguande
98un3d (antimicrobial activity) nnaudsznay
Mfluayulwsvionnansiudeiioglundo s
FendudaanadauanunIzaNedIsnaui
faghaneanviensiiudegdunidnasgu uas
fimsmuauaumwansiasada Taansasa
Annsimusnandeyduniduuion Ussnaude
manadeuanantAzasaaasaialumsduaia
MY mt.%yaaﬁw'%ﬁ (growth promotion test)
Toeldidayaunddinasuilasunngudifuinm
WAETIUTINAEWUFIAUNIEIIMIUNNg dontiide
Inen mam’mﬁﬁmqw loun Staphylococcus aureus
DMST 8013, Bacillus subtilis DMST 15896,
Candida albicans DMST 5815 tas Aspergillus
niger DMST 15538 ANNMNLENYBINITATIY
AnneilagismatiuuGinadeqdunid (suitability
of the counting method) &msumsnagau TAMC
1%15eq9un3dinasgiu S. aureus DMST 8013,

Pseudomonas aeruginosa DMST 15501, B. subtilis
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DMST 15896, C. albicans DMST 5815 uaz
A. niger DMST 15538 & wsumanadau TYMC
#%0qaunidinasgu C. albicans DMST 5815,
A.niger DMST 15538 UazeIMUANKIAU (negative
controls) m'im'i'saﬁmswzﬁmwﬁmamﬁaﬁﬁuw%ﬁ
Uudlou vsznaudhe MINAFDUANFINUG Lun3a
La%uLtazﬁuﬁy'qmim%mu?lau%aaﬁum’%ﬁ (growth-
promoting and inhibitory properties of the
media) WaTANNULUNILENYRIIONOFDU (suit-

a

ability of the test) I%Lﬁaﬁ;auw%ﬁmmgm
S. aureus DMST 8013, P. aeruginosa DMST
15501, Escherichia coli DMST 15537, Salmonella
Abony DMST 21863, Clostridium sporogenes
DMST 15536 l,l,axﬁamuquwaau (negative

controls)

MIEIINAIDEN

§INFUNINAFAUY total aerobic microbial
count (TAMC), total combined yeasts and moulds
count (TYMC) bile-tolerant gram-negative
bacteria, E. coli, S. aureus wae Clostridium
spp. 1618619 10.0 N3N LHn BSP-LP U33nas 90

a

199805 l9zAUMSIADNNGNAU 1:10 NaNIRNNUY

nInadauny TAMC

FeanasazasiaiaistauMsEeaa 1:10
(10™) aw%as 10N (10fold dilution) @e BSP-LP
AUDITEAUMSLABAN 107 Yadsazaraainey
U35 1 fiaaans adlumumzde szdumsie
My 2 1 viugeams TSA ﬁqmwgﬁlmﬁu
45 avFalded USuNes 15-20 H0dansaaau
el ludedigamgiivas ihltinmnsiigumad
32.5+2.5 aaraBed Wuna 3-5 U lagnsia
Tulalaiiluszaunmsidansililalaideszwig

25-250 lalaildaany

nInadauny TYMC

LO3ENFITAZYMENITULALINUMSNATDU
TAMC daud 107 89 107 udiwnziaesluems SDA
Fain chloramphenicol 50 NaaNTNADANT WD
ihinonefigungii 22.5+2.5 asenuaided (i
o 5-7 Su anaiulalaiiluszaumsi@aaeily

Talailluhu 50 Talatinaau

N3INAFaUK bile-tolerant gram-negative
bacteria

Fighata 10.0 N3N iy TSB-LP 15103
90 {99305 leszaumsiiaan 1:10 wanlwidhnu
iluismnsiigamai 22.5:2.5 asrnuwaided W
naszna 2 il wilithy 5 e azldify
pre-incubation sample mnﬁ?uuﬂﬂduﬁums
NaFaUINAMMWEBTUMInTIINY/ Ly (test for
absence) wazmnadauNyInm (quantitative
test) ﬁ'\iﬁ’

A w: Ui pre-incubation sample
U53nas 10 Hadans (iladeehs 1 n3w) aslu
2115 EEM 131195 100 fadans i luvauwne
ﬁqmmﬁ 32.5+2.5 aafalded (Hune 24-48
#lae niudei@astuuenms VRBD Uuimwy
ﬁqmwgﬁ 32.5+2.5 aaralded (unen 18-24
1l wnasanulaladives gram-negative bacteria
Tienunansiany mnasralinulalatinsnanly
PNENUKNINTIALUWY

@I Yue pre-incubation sample
U51na5 1 fiadans asluamsideeda EEM Usinas
9 fiadans (Filadha 0.1 n31) MNUThAMSEe
udalilaiilodage 0.01 uaz 0.001 ¥ 1 luus
waﬁqmwgﬁ 32.5+2.5 paenaLded unm 24-48
#las Meidaasuuans VRBD Unnefigaunni
32.5+2.5 ssmuaded Wune 18-24 3l 9539
mlalaflaay gram-negative bacteria S18UKS

Toafisunuan probable number aauaaslum 19N 1
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9199 1 USanew probable number 289mMsNadaUN bile-tolerant gram-negative bacteria®

wanIsnadgaunUsunatiiaagsanladig

probable number 784 bile-tolerant

0.1 NSY 0.01 NN 0.001 NN gram-negative bacteria ABADEIN 1 NIN
+ + + NN 10°
. N _ NN 10° waztpen 10°

1INA 10 wazlaegnM 102
Wpend 10

nInadaun E. coli

Yasrsazaradiadianszdunisiinas
1:10 Y5195 10 Nadans (ﬁtﬁaﬁaaﬂw 1 N3N)
aaluems TSB-LP USuas 100 Hadaas 1l
ﬂmwwzﬁqmwgﬁ 32.5+2.5 avenalded Hunm
18-24 139 Mmnlassazaadaaghs Usinas
1 §iadans avlue1mns MCB U5uas 100 Tadans
ﬂmwwzﬁqmmﬁ 43 aeenraded Wune 24-48
# 1l feifaasuu MCA Usiwzilgamgi 32.5+2.5
ssenades Wunan 18-72 1lae MANUSNHALE
Talafidynnniouas ivselifilzusaulalail Tvte
[Faauuams EMB ﬂmwwxﬁ'qmwgﬁ 32.5+2.5
senaded Wuna 18-24 $lae MANUSNBE
lalatfiduiigadaasenariivszniaanlane
(metallic sheen) MMsnadavdugulagmstaninsy
il E. coli agwu negative rods (cocco-bacilli)
waznagaumsldinaavueims TSI azwudy
294 slant war butt Fndes (acid) wazasune
msuaulasanlad (CO,) Feazdanafiuiisasuan/
wein waz IMVIC test™ log E. coli Wikala 2 wuu

Ao Biotype I = + + - - uaz Biotype Il = - + - -

NINAFIUBI S. aureus

Yulamsazanaiagaiszdumsidoa 1:10
Usues 10 Jadans (ﬁl,ffaéhath 1 n5¥) avlu
TSB-LP U33a5 100 fiadans wludamwizd
goumnd 32.5+2.5 avenuadod (Junan 18-24 il
nnttudeiaasuuams BPA Uniwsiigaumgd
32.5+2.5 seenwalded Wuna 18-72 Mlug wn
nuanwaclalaiidanassusaulolaulazing 2-5
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Nadwas mmsnedaviiugulaanmsdanunsy mn
< v a o o v

Wy S. aureus zdoufadunsuuIN uazianseoe
nay agsaniuiungs (gram-positive cocci in
clusters) nadaU coagulase test Togld coagulase
plasma rabbit with EDTA Zsl¥inauin tie
3w (clot) 289 plasma Mmely 24 Hlaa

NMINAFauUnI Salmonella spp.

Faede 10.0 n5u asluemns TSB-LP
U511013 100 fiada0s 1hlUtsmsAigamgi 32.5+2.5
ssrwaded Wuna 18-24 il Yiladadsnes
0.1 uaz 1 fiaaans uenldluvasadeionms RVS
waz TTM U5598E8VapAde 10 NAAANT MINAIOU
ﬂuwasﬁ'qmwQﬁ 32.5+2.5 aamalded Wunm
18-24 §a‘[m mﬂﬁummﬁaawumwﬁ BGA, XLD
taz BSA ﬂuwazﬁqmwgﬁ 32.5+2.5 BNALYOLTEH
Hluna 18-48 1las manusnwalalaiiznadn
Tusela vu BGA wislalaiiduasanwacla finse
lifigadmassnansuy XLD vialaladidihoa tm
W3aMa1IM Ul BSA mmsnagaviivauloamsdaw
unsu iy Salmonella spp. azdonfadunsyay
wazfianwaziluguviau (gram-negative rods)
nagaumsliihmauuens TSI aslidiuyad slant
Fums (alkaline) butt §dd (acid) wazanawu/ liwu
#1289 hydrogen sulfide @59au289 butt ¥In
KOO NMUANHMzUBN Salmonella spp. Tfehede
ﬁmq 18-24 %139 BIUUVADABINSIABEE NA
ﬂumwz‘ﬁ'qmwgﬁ 32.5+2.5 avenwalded Wunm
18-24 1l dudaastuiune o HesUfiams
nanuuaiitiedngImenmsunnd dorduive
NN FATINTIIUG



< P2 L a
ﬂﬂ’]uﬂ'ﬁmﬂ'\iﬂutﬂE]'L!Lﬁa‘\!au‘ﬂ5'&1&11!'&”51!1!11/“5%3381 LLN“L!T,‘UTIQ‘!?I aﬁﬂizt'ﬂﬂlﬂﬂ
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NINAFaun Clostridium spp.

Yuassazmaiageiiszaumsina 1:10
U53nas5 10 fadans (Tiladethe 1 ndu) aslu
2195 RCM-LP U331615 200 183803 U 2 200
10UsNNAFaU Clostridium spp. "ﬁ'agﬂugﬂaﬂa%
Tfenuauit 80°C Wunm 10 il ntun iy
MU mnudIniee sterile liquid paraffin 21@
flaaanaday Clostridium spp. #liagluglaes
VUG sterile liquid paraffin laglinas
Tianufou mntuhlduuiioangi s2.5:2.5
paraldea Wune 48 $lue drodeauy
213 CBA fliin gentamicin 20 HadNTNADENT
damnzlugnmelsamea ﬁqmwgﬁ 32.5+2.5 D46
wades uner 4s-72 Flae wnwulalail
hedu Isedannlalaiibeuenaiunanns CBA
dunu 2 au Teglviasauaquanansalaladiing
iliusnvuiigamgi 32.5:2.5 sseiaaides W
i 48-72 il lugnmzdniuazanmzldanme
mnnulalaiideluannzlfameudlinulugai:
Undlmmsdanunsy wmally Clostridium spp.
srdanfedunsnuinuazianwazluguvou finse

lsidadas (gram-positive rods, with or without

spores) NAdaU catalase reaction Auasazae
3% hydrogen peroxide Tuaau da liianashs
WINHANSIMNANEMUBN Clostridium spp.
M3 sub culture Woaslunasa CMM s
Msaulaomeaual nnuiwiele sterile liquid
paraffin ﬂuﬁqmw{]ﬁ 32.5+2.5 avFnadee (lu
1 24-48 F1la Mnthshadaiesfiamsuueiice
130me saniAdeinenemansanssugy tiansa
mﬁﬁﬂﬁuﬁwamﬁa Clostridium spp. SININETHY
?IENL%E] C. perfringens

tnagin 1 sUsziiiua: Ussiiunanmain
msvudlauidagdunidludiadeaunasinig
HONTUANMWIUATIINWBINAN U9 63 THP
2020 (Acceptance Criteria for Microbiological
Quality : THP 2020) Gail Category 1A gnJuilszmu
*7';m%ﬂmnﬂmiaﬁ'magulws%amuﬂizmumsaﬂ
qaunidudr luittl da sunuTunasdion Tdud
eUszas ensInause Category 2 enFuszmui
m‘%ﬂumﬂagulwmﬁmw‘%awaw‘z’%qrxhunszmumsam
aunidnauld Tuitil @a 179 uaz Category 4 e
Sulssmuiiadsnnnayulwsnsguvdons luiiil fe

AU 6N WazeNgNNaaY Aaualua e 2

AN 2 LNAINTEBNTUAMMINIIUYTVINEIWBINEAAN MY (Acceptance Criteria for Microbiological

Quality) @a THP 2020

Ay s18NSNAFaU

Category 1A

Category 2 Category 4

1 Total aerobic microbial
count : CFU/g

2  Total combined yeasts and
moulds count : CFU/g

3  Bile-tolerant gram-nega- -

tive bacteria/g

4 E.colirg Gaelainy
5 S. aureus/g -

6  Salmonella spp./10 g Gadluny
7 Clostridium spp./g faeliwuy

@aaluaNNI 5x10

$4 1} 1 2
729NN 5x10

3 7

gaaliannni sx10”  @aslixnni 5x10°

5

$4 1} 1 $4 1} 1 4
aaalannn 5x10°  @aaliannnd 5x10

- gaalaxnnn 10°

Gadlunu gadlinu
aaaliny aaalainy
Gadlunu galinu
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Sirada Pongmuangmul et al.

msmnm%ﬁmﬁuﬁ: (species) waat%ya Clostridium
spp. INBIEIsfivYanda C. perfringens
TaavasljianisuuaiiGelsainia doniuiae
IENManTINI U

m"&:mﬁauazqﬂn‘saﬁ

gautmsieguuni 35+2 avAnraFed
(Memmert, Germany) @i’ﬂiwﬂmmﬁa (NuAire,
USA) 03asalnthanuazdoanafion 2 eumis
(Mettler Toledo, Switzerland) P3RS
mi‘ﬁuﬁqﬂiiu (Labnet, USA) %0 agarose gel
electrophoresis (i-MyRun, Japan) LA3DIE BN
UaLIANLANANNUHULAE (Syngene, Switzerland)

’él’lﬂ'l'il,?;’il\ﬂ%'ﬂttazﬂ'l'itﬂﬁ

IS L?TEN L%ya : Wilkins-Chalgren Anaerobe
agar, Wilkins-Chalgren Anaerobe broth (Oxoid,
England) AnaeroPack-Anaero-2.5 L (Mitsubishi
gas chemical company, INC, Japan) starch,
arabinose, dextrose, fructose, lactose, maltose,
mannose, mannitol, salicin, sucrose, xylose,
esculin, SIM, nitrate, litmus milk, gelatin, urea
oz egg yolk agar (I;'hﬂm%'ﬂumm‘ngml,%yauaz
\3asiialanaide aoniuisinenmansmesoge)

d1510d: GoTaq Promega reaction buffer,
magnesium chloride, dNTPs, primer, DNA
template,
bromide, DNA marker %10 100 bp + 1.5 kb DNA

agarose gel, TBE buffer, ethidium
ladder (Sibenzyme, Russia), deionized water

msnstuduaiinwusuas Clostridium spp.

wnsidausandildnniasdjianisen
Audinenmansmauwngi 3 ursanTId wasnadau
aantdmeiuadl ieduunuaziuduiniy
C.perfringens, C.bifermentans, C.sporogenes,
C.sordellii %38 Clostridium sp. MyMSIAUIMS
NN I Mansans gy

MNsasnsnintengasmsunne
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Msanemduan C. perfringens

ihdeiinaseuufisendueiiuazduduiy
C. perfringens MNANAALDUDMENT lysis buffer
Toel#lalailvosdeiasauy Wilkins-Chalgren
blood agar 2-3 Taladi wazanglu lysis buffer 1
U303 500 lulasdns Uuﬁ'amwgﬁ 37 BNFNLBaLTEd
Hunm 15 wit hluduwissianug 14,000 sau
dawnit Wunm 2 10 gedulafauazasmsaznay
me lysis buffer 2 USinas 200 lulasans unlu
water bath 'ﬁaqnm{]ﬁ 56 avenuades (Wunm
60 1l Mt lutuniesiianang 14,000 sau
downdl Wuna 2 il gadulafiulii -20 asen
waded dm5uldidlu DNA template lumsnadau
Multiplex PCR a4

NINATUTUIUUAZIIUUNTUFINITITNY
m1875 Multiplex PCR

97 Multiplex PCR Lﬁ' anuun C. perfringens
type A, B, C, D, E 8¢ enterotoxin-producing 1o
Twswashilanusnzaasunisasiy cpa, cpb,
etx, iA U8z cpe MUV Heikinheimo A and
Korkeala H'” uaz Meer RR and Songer JG** Fafl
aeuuazaslnsweas aeudadumsiei 3 Taold
PCR reaction mix (GoTaq DNA polymerase,
Promega, USA) Usinasimnanae 25 lulasans
Usznauma 1X Green GoTagq Flexi Buffer, 2 mM
MgClz, 0.1 mM dNTPs, 0.1 uM each primer,
2U Taq DNA polymerase, 30 ng DNA template
wazdSuusunasaie sterile deionized water
Nnturhmstiinsuuiudieweias MultiGene
Gradient Thermal Cycler (Labnet, USA) ¢y
TUsunsweisil pre-denaturation flgouminii 94 9en
wadea ({lunm 5 Wil denaturation g
94 asenaded Wunar 1 wH w35 sau

a =

annealing Ngmni 53 psenwaded (Wunan 1w

U

a =

extension Ngauunil 72 svmnaided Wuna 1 Wil

U

]
o

uae final extension Mgl 72 avewaided Uy

(387 10 W



< P2 L a
ﬂﬂ’]uﬂ'ﬁmﬂ'\iﬂutﬂE]'L!Lﬁa‘\!au‘ﬂ5'&1&11!'&”51!1!11/“5%3381 LLN“L!T,‘UTIQ‘!?I aﬁﬂizt'ﬂﬂlﬂﬂ

dsen Yalinye uazane

#9398 U PCR product Alasheda agarose
gel electrophoresis lasun PCR product 10
lulasaas naanaslu 29 agarose gel lanszudlulih
100 V flunar 50 wit Mniudenuiuaacie
Ethidium bromide (EtBr) #5138 UNONa6
PCR product melaugioansililaaauazans
5Ud8LATPY Gel Doc Wisutiisunnazesuoy
PCR product #le¢fu DNA marker %iia 100
bp+1.5 kb DNA ladder (Sibenzyme, Russia)
MsulanatUSauliisu PCR product :In@tdutaued
C. perfringens type A, B, C, D, E uaz entero-
toxin-producing C. perfringens type A ‘ﬁllfﬂu
FAMIUANKAUIN (positive control) MITHULY
HANI03IANUAALEY PCR product laannziia
ﬁuﬁ:“m C. perfringens wdmittoy PCR product
PBNEU cpa WU 400 bp WazMNUUN C. perfringens
type 674 avadaulannainauazsluuuzas PCR

product é'f\‘lfl’ C. perfringens ATCC 13124 type
A uadeswou PCR product 28498U cpa 2U10 400
bp C. perfringens NTCT 4914 type B taaiau
PCR product 2481 cpa, cpb Uaz etx VWA 400
bp, 196 bp Wwaz 655 bp Mua1aU C. perfringens
NTCT 10719 type C udaiwnu PCR product
2NEU cpa Wdr cpb VUM 400 bp waz 196 bp
aNa10u C. perfringens NTCT 8346 type D
udaanoy PCR product 2898u cpa uaz etx
2UIA 400 bp Waz 655 bp MuaNGU C. perfringens
NTCT 8084 type E uaoiuau PCR product 2998u
cpa ez 1A 110 400 bp UAZ 446 bp MUIAU LB
C. perfringens DMST 51427 type A+enterotoxin
ooy PCR product RN cpa Wag cpe U0
400 bp Uaz 233 bp MUMAU SMFUNFUMIUAN
WaaU (no template control) 1% sterile deionized

water Ny genomic DNA

5199 3 Inswesamsumsauuntiinues C. perfringens Manaila Multiplex PCR

, aMeuihaalalng WUAKUAHAN . o
vl‘WiLNi’Ji gu 81N
(5'-3") (bp)
CPA-F TGC ATG AGC TTC AAT TAG GT 400 cpa Heikinheimo and Korkeala
(2005)

CPA-R TTA GTT TTG CAA CCT GCT GT
CPB-F GCG AAT ATG CTG AAT CAT CTA 196 cpb Meer and Songer (1997)
CPB-R GCA GGAACATTAGTATATCTTC
ETX-F GCG GTG ATA TCC ATC TAT TC 655 etx Meer and Songer (1997)
ETX-R CCA CTT ACT TGT CCT ACT AAC

IA-F ACT ACT CTC AGA CAA GAC AG 446 iA Meer and Songer (1997)

IA-R CTT TCC TTC TAT TAC TAT ACG
CPE-F GGA GAT GGT TGG ATA TTA ACG 233 cpe Meer and Songer (1997)
CPE-R GGA CCA GCA GTT GTA GAT A

We

madsaanumasaimsuudioudaqdunid
Tudhagnenayulnsuazenuauluno Taudszann
W.A. 2564 (nudmsealasguiineneandasmsunng
14 15 uvis Mlszine AaidanudnfominiiuTsdnd

dgl = a o o’d‘d o v =~
wrNteau NIDNAAAUNNNYDAINUIUGY 113D

[ % e

NAONUMLAUDBINUN DIUIULWNDE 4 WAANUN
FINNNEY 60 Grp8 wumstuauaydunig
T g o o -7 1]
T unawimviuaay THP 2020 311U 28 @I98N
Aalusanas 46.7 loawudadad eIy
THP 2020 638 1 81636 U 12 IBEN Uazrany

SUVATINNUAILG 2, 3 UDE 4 TV NUIY 9, 6 LA 1
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Thailand’s Situation of Microbial Contamination in Traditional and Herbal Medicines Sirada Pongmuangmul et al.

BN MO é‘f\iﬁy total aerobic microbial count, waﬁuﬂ'mﬁﬂﬁuiwuduﬂu C. perfringens type A
Clostridium spp., bile-tolerant gram-negative #5985 e Alpha toxin Vq?ﬁ 19 fNBEN NaMINAFaU
bacteria, total combined yeasts and moulds Multiplex PCR daudalumnii 2 i 1 fed
count Way Salmonella spp. MU 19, 19, 12, 1 ﬁwu C. bifermentans ﬂmﬁauiauéﬁﬂ UATHAEUEY
Was 1 918Ms MNaAU dauaadlumsed 4, 5 war  Salmonella spp. 11 1 G819 WU Salmonella

M 1 leealedNasiany Clostridium spp.  serovar Aqua

P < &L a = o Vo vy o o
G1INN 4 Naﬂ’]iﬂulﬁjauLﬁ'ﬂ@auﬂﬁiﬂuﬂjﬂﬂjﬁﬂwqutkaﬂluN’]uLﬂmGVIG]’]N THP 2020 LUNeNNNENINOTU

uamsﬂuﬁ]amﬁaaﬁuﬁﬁ

aau UM ?ﬁf ﬁ::‘mj'm ﬂjg:ﬂw s : CFU/g  dadSainauazaamu BRI
M3y {uan {udn : :
a b c d e f g
dhagaiinunasi THP 2020

1 vdiudy uaUya Fene Tsawenunasy  sxi02 <10 A A AA A
2 fhmzanalas ualya anu Tsawenuasy  2.5x10  2.0x10 A A A A A
3 esInaUE & dedlud - Tsamenwasy <10 <10 A A A A A
4 Fumiae unlza Faum Tsawenunasy  s.0x10 <10 A A A A A
5 Whmzaalas ualza BV Taanenady  2.7x10° <10 10° <x < 10° A A A A
6 NLIWUUN unlza gesil Tsawenwunasy  5.5x10 <10 A A A A A
7 WMWY uAlya GERTE] Tsawenuasy <10 <10 A A AA A
8 ualya GERTE] Tsawenunasy <10 <10 A A A A A
9 Whmzaalas wotga  wesdgy  Tswenwasy <10 <10 A A A A A
10 dhnzaalas watga  Usduys Tswenwnady <10 <10 A A A A A
11 5y0idumneNe walya UNY3 Tsawenuasy <10 <10 A A A A A
12 wiiudu wodza  weswun lsawenwiasy < 10 <10 A A A A A
13 eWaNNETTNg  uAlye gasanil Tsawenuasy  1.5x10° <10 A A AA A
14 fhmzaralas ualya anauas Tsawenunasy <10 <10 A A A A A
15 anayulns annasu  uesNEEN  TRwenwady  9.1x10° <10 A A A A A
16 fhmzaalas ualza TeRtIE] Tsawenunasy <10 <10 A A AA A
17 mewaayi annaau 739 Tsawenuasy  6.0x10 <10 A A A A A
18 ihnzanalas unlza Winge Tsawenasy <10 <10 A A A A A
19 W ualya 99 Tsawenuasy  1.7x10° <10 10 <x < 10 A A A A
20  thnzanalas ualya qiwﬁmﬁ T59aWENUI833 <10 <10 A A A A A
21 NENATIT ualya YUWT Tsawenunasy  4.5x10 <10 10 <x < 10 A A A A
22 wiludu ualza 8 Tawennady <10 2.0x10 A A A A
23 EWANNETING  wAUYD GAGY Tsawenwnasy <10 <10 A A AA A
24 ayulwsTIN ualza GRVATE Ghpat! 5.4x10° <10 A A A A A
25  MNIATEYN uadga  Unusil @nUU <10 <10 A A A A A
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o & & Ao = =
aoumsaimsvudaudasdunidluanayulwsuazenunulunaweslsamalng g3 dadiaeya uasanue

P dy dy a = v 1 P T J ° '
NN 4 wamsﬂutﬂaumafgaumﬂ’“lumamwmuuaﬂumummwm THP 2020 Muunmuamsnaday (o)

=

uamsludlawzadun &

o o - oo N0 Uszian . P -
o o v o PPN : g &
v wing dafinm : CFU/g  dalSinawazaanw  deaanw
U RS R
a b c d e f g

26 EINENNYTARNG  uAlYs Unuanil GhvAN 4.2x10° <10 A A A A A
27 eUnuzawnil  uadye UUNYS oYU 3.7x10° <10 A A AA A
28 29 ualya uAsUgH (anau <10 <10 A A A A A
29 fhmsanalas wpdza  a@ynsuIms Ny <10 <10 A A A A A
30 NENEsN ualza NUYI LanYU <10 <10 A A AA A
31 BN anNaau GA/EY N 7.6x10° <10 A A A A A
32 #19n ualza g LanTY 7.0x10° <10 102 <x < 103 A A A A

o Iy BN 4

fageii litunasi THP 2020
1 adiugu ualya Welen Tsawenasy  5.5x10°  2.0x10 >10° A AAP
2 wilugu ualga  dwalan Tsanenwady  3.5x10° <10 >10° A A A A
3 wiiudu wotza  maawy3  Tsawenwady  8.7x10°  3.3x10° >10° A AAP
4 wiiugu wotza  vueeay  lsawenwasy  1.2x10° <10 10 <x < 10 A AAP
5 wiiutu ualya YNOINNT Tsawenunasy  1.ox10” <10 >10° A A A A
6 thmzanalas ualya YaUUAY Tsawenwasy  »2.5x107 < 10 10 <x < 10 A A A A
7 HNTINAG 217 aldos Tsawennasy  2.0x10° 1.50x10° >10° A AA P
8 dhmsanalas walza Wnge Tssnennasy  1.9x10"  2.8x10° A A AAP
9 EENTAT B9 deslna L2nTY 5.7x10°  1.7x10" >10° A AAP
10 @van A ayu tanyY 4.3x10"  1.6x10" 10 <x < 10 A AAP
11 ayulwsnu ualza uws tanEu 1.8x10°  7.0x10° 10 <x < 10° A A AP
12 NI¥mEIM uptga  Wwalan Ghal 7.4x10°  1.1x10’° >10° A A AP
13 eudld B9 wyailan GREY 3.7x10° <10 10 <x < 10* A A A A
14 gvieu B BYEGRMY oYU 4.0x10° <10 A A AAP
15 wiiugu unlza ATANN (N 9.8x10° <10 >10° A AAP
16 ayulnsSedonn  walye LOITE N 1.1x10" <10 A A AAP

N3
17 UsIMIAF0N  ualya UNY3 oYU 4.1x10° <10 10 <x< 10 A AAP
3

18 MUATELN unlya GH Nz 3.5x10°  2.8x10° >10° A AP P
19 enudszas g MudUg LNYY 5.0x10"  1.6x10" A A A A A
20  wlutu ualya Mudug Ghal 6.3x10"  2.4x10° >10° A A A A
21 fhmsaralas uaza auns GHEY 3.7x10°  4.7x10’ 10 <x < 10* A AATP
22 iUt walza INYIYS oYU 6.1x10°  5.0x10 10° <x <10 A A A A
23 edEIvian N qnegsond LaNYU 1.8x10°  7.0x10 >10° A A AP
24 eurulus annaau GR/EY Nz 7.8x10° <10 A A A A A
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Thailand’s Situation of Microbial Contamination in Traditional and Herbal Medicines Sirada Pongmuangmul et al.

aani 4 wamstuitoudedunidludatenthuuas likunasionu THP 2020 Muunmusgmsnasau (da)

sanstudauaydunid
o o - oo N0 Usziam - - - -
a0 #Hae o o v o P @alSinm : CFU/g  dalSinauazqaan daqumn
ZRRiT] WEHAG WHAG : ’
a b c d e f g
25 hnzanelas uplza  uATAISIINTY taNYY 8.5x10°  1.2x10* >10° A AAP
26 auwH uplgn  uAIAISIINTIY LBNAY >2.5x10" <10 10% <x < 10° A A AP
27 #N§I609) ualga g tanyu 1.1x10° <10 10 <x < 10° A A A A
28 ENEAIHANTIU walza nedl tonYU 1.2x10°  5.0x10 10 x< 10 A AAP
#NNAGN

BHYLHG mManadaulaanm (CFU/g) a: total aerobic microbial count W&z b: total combined yeasts and moulds count
MINAdauLBNUIINU (probable number) UazAMNIN c: bile-tolerant gram-negative bacteria msmaamﬁmmmw
d: E. coli, e: S. aureus, f: Salmonella spp. Was g: Clostridium spp a8 A = absence (#53l4wu) P = presence
(A99ANVY)

Y ° @ oA [ ' v & '
M990 5 Q’]u’)u(ﬂ’)aﬂ’mﬂwuvluN’]utﬂm‘ﬁﬁ’jﬂ 1 a’]Lﬂ@luaz'ﬂa’]ﬂﬂﬁlL‘Wﬁ“!ijﬂﬂumqu(ﬂ 2, 3 LT 4 a’]lfﬂ@]‘

Swouaungiing - Sunudagaiiny Mousemsnasaviiwuduamaliihunas
Taisiuenouat Taisiuenouat a b ¢ d e f g
1 12 5 - 1 - - - 6
2 9 7 1 4 - - - 6
3 6 6 - 6 - - - 6
4 1 1 - 1 - - 1 1
T 28 19 1 12 - - 1 19

BHIYLKG) 1 T16 al total aerobic microbial count, b: total combined yeasts and moulds count, c: bile-tolerant gram-negative

bacteria, d: E. coli, e: S. aureus, f: Salmonella spp. waz g: Clostridium spp.

20 19 19
12
10
1 1
0 | |

Total aerobic ~ Clostridium spp.  Bile-tolerant gram- Total combined Salmonella spp.

LN uat

anudluamial

PUUNENMTNAFTDUNWUL

microbial count negative bacteria yeasts and moulds

count

srensnasauiinuuaivg linnsnasei

Muil 1 Nemsmedsuinuiusmaimliaeeelaithunasions THP 2020
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'3 & & aa
goumsalmsluidaudegdunidluaanulnsuazenusulunawasdszmalng

d30n Yaiioaye uazanie

1,000 bp. =—
——
| S ]

— ==

500 bp.

[

G G G G G cmme G G G s ¢

100 bp.  —

NN 2 Wansnadau Multiplex PCR (Wauanusiiaia Clostridium perfringens; M = 100 base

pairs + 1.5 Kb DNA ladder, 1 = gipehaziafinausnnnenayulnsaiiugu, 2= ainguse

ARALENINENTNTINAR, 3 = ﬁ’mt’hﬁt%ﬂﬁﬁ’ﬂLLEIﬂ‘-iﬂﬂW11’I$ﬁ’]EJIQ§, 4 = hethudafidauananen
N9ER3, 5 = ﬁ?i’)th\il,“?;’a“?;ﬁ’ﬂLLEIﬂmﬂt‘n‘Wﬂ&l, 6 = C. perfringens type A (ATCC 13124) PCR
product 2U1® 400 base pairs, 7 = C. perfringens type B (NCTC 4964) PCR product
C. perfringens type C (NCTC 10719) PCR product
210 400 and 196 base pairs, 9 = C. perfringens type D (NCTC 8346) PCR product

UM 400, 196, 655 base pairs, 8

210 400 and 655 base pairs, 10 = C. perfringens type E (NCTC 8084) PCR product
U0 400 and 446 base pairs, 11 = C. perfringens type A with enterotoxin (DMST 51427)

PCR product 217 400 and 233 base pairs, N = negative control

Wesuunanudesasilusendusnidon
WA AnTiEpaTmhegauazkdnSoeiau
26, 11 waz 23 oty wulsirunael Nuu 13,
3 waz 12 g8 Aoluseear 50.0, 27.3 was
52.2 Muaey saudaslumaei 6 uunmuzile
209a U WINTGNTINTUMINEN WUGIBENTIZY
(Category 2) lushutnamisasay 100 fIaeeiin
1 (Category 1A) ldshuinamidasas 50.0 uay
Madnglaualya K uazgnnaay (Category 4)

Taishutnasisasas 45.6 aaudaslumsii 7 Taeflu
wansnriinaonnlsanennazasszuasgisznan
MS5LENZTU MU 31 waz 29 et wulsshuinam
U 8 uar 20 e Aallusoeas 25.8 WA 69.0
MO Lﬁ'aﬁmunimgﬁmmﬂuwamﬁmsﬁmnmﬂ
wile nas azdusanilaawiie uazld Muiu 14, 17,
13 wae 16 Maee wullEun e MU 8, 5, 8 LAY
7 oo Aadlusagay 57.1, 29.4, 61.5 Way 43.7
MNTOU auaaslumsed 8 wazmwi 3
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Thailand’s Situation of Microbial Contamination in Traditional and Herbal Medicines Sirada Pongmuangmul et al.

v Id

A:i' o Vv £ ] d' dy d%’ a o o [N g o
3NN 6 NUIUKATBEAzYBIAIBE NNHaNITUMUBUIEBIAUN FEIULN U LaL LN U U LU
AMNUSELANHAN N T LA BUANIDENN

. IMNUMEN
Ussian 7HAMIBEN - : PR— — -

losu  shwnasi  Samaz  laishw  Sawas

a L o v
WA U] ihnznelasuaya 13 9 69.2 4 30.8
Tusand pilutuLAlUya 11 3 27.3 8 72.7
e AMUATBUMILAUYD 2 1 50.0 1 50.0
EpLY 26 13 50.0 13 50.0
HAOAMNNNEan  HIWINIA 1 0 0.0 1 100.0
Nmheg EUTIMINTANNNTUAUYD 2 0 0.0 2 100.0
Bualza 3 3 100.0 0 0.0
HINFNNTTFRNAUAUYD 3 3 100.0 0 0.0
wzMUINUAUYR 2 2 100.0 0 0.0
EpLY 11 8 72.7 3 27.3
HAOAITLAY g 2 1 50.0 1 50.0
YBINUT e UTUTI U Tiaka 5 0 0.0 5 100.0
#uAUgeau ) 12 7 58.3 5 41.7
annaau 4 3 75.0 1 25.0
I 23 11 47.8 12 52.2
TINNIFY 60 32 53.3 28 46.7

o 4

M7 7 NnuLesIsgazrasmaginamstudaudaydunidinuinariuaz lithunas Huunmuziie

Ul NIVIgn I TUNINEA

. IMNUMBEN
Uszian FUAGIDE -~ : PE— — Pa—

o3y swnaei  Sasaz  Lithwal  Sawes
Category 2 %1ZNTNI0 1 0 0.0 1 100.0
Category 1A gnunulumadiamn 2 1 50.0 1 50.0
Category 4  eunulumIuiian 5 0 0.0 5 100.0
EUIIMINTANNNIUAUZES 2 0 0.0 2 100.0

wiutuualyga 11 3 27.3 8 72.7
NMILATDAMILAUYD 2 1 50.0 1 50.0

#uAUygaau ) 12 7 58.3 5 41.7
hnsanalasuavza 13 9 69.2 4 30.8

annaau 4 3 75.0 1 25.0

Ay 3 3 100.0 0 0.0
EINFNNTTAIRNOUAUTD 3 3 100.0 0 0.0
uzNUNUAULS 2 2 100.0 0 0.0

334 Category 4 57 31 54.4 26 45.6
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Thailand’s Situation of Microbial

Contamination in Traditional and Herbal

Medicines in 2021

Sirada Pongmuangmul', Chutima Jittaprasatsin®, Piyada Wangroongsarb’, and
Ladda Poolsawat*

'Regional Medical Sciences Center 3 Nakhonsawan, Department of Medical Sciences, Muang
Nakhonsawan, 60000, Thailand

’National Institute of Health, Medical Sciences Technical Office, ‘Bureau of Drug and Narcotic,
Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The Thai government and the Ministry of Public Health are currently promoting the use
of herbal and traditional medicines, as the trend for natural products is growing rapidly. As a result, it is
important for manufacturers and state agencies to ensure the quality of these products. In the fiscal year
2021, the Regional Medical Sciences Center 3 Nakhonsawan and the National Institute of Health surveyed
the microbial contamination in herbal and traditional medicinal products from 58 entrepreneurs across 43
provinces. The products selected for testing included product champions, best-selling products and outstand-
ing products, with a total of 60 samples, including 26, 11 and 23 samples from each category, respectively.
The survey tested for microbial contamination using the Thai Herbal Pharmacopoeia 2020 (THP 2020)
and found that 28 out of 60 samples (46.7%) failed to comply with the THP standard, with 13, 3, and 12
samples from each category, respectively. The results showed that 19, 19, 12, 1 and 1 samples were con-
taminated with total aerobic microbial count, Clostridium spp., bile-tolerant gram-negative bacteria, total
combined yeasts and moulds count and Salmonella spp. Respectively. Among these samples, 31 samples were
collected from government hospitals and 29 samples were obtained from private manufacturers, of which 8
(25.8%) and 20 (69%) samples, respectively, did not comply to the standard. The result revealed that
the products from the Northeastern region showed poor quality since 61.5% of products did not meet the
criteria. To address these issues, manufacturers should consider GMP process such as washing raw materials
with clean water, protecting from dust during production, drying raw materials at optimum temperatures,
or using gamma irradiation. This survey provides important information for relevant agencies to improve

the quality of local entrepreneurs’ products to meet the official standard and ensure consumer safety.

Keywords: Microbial contamination, Herbal medicine, Traditional medicine
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